recise regulation of the volume and osmolarity of body fluids is fundamental to survival. A change in blood volume is sensed by cardiopulmonary baroreceptors (low-pressure receptors) that are located in the junctions between the right atrium and venae cavae and between the left atrium and pulmonary veins (Figure) . Mechanical stretch of these baroreceptors due to blood volume expansion (BVE) quickly causes diuresis, natriuresis and kaliuresis. Atrial natriuretic peptides (ANPs) secreted by atrial cardiac myocytes play a pivotal role in this response. 1 An initial study showed that atrial distension in an isolated rat heart-lung preparation induced ANP secretion and it was suggested that cardiac innervation was not essential for ANP secretion; 2 however, subsequent studies showed that the central nervous system, especially the anteroventral portion of the third ventricle (AV3V), plays an important role in atrial secretion of ANP in response to BVE. 1,3,4 Atrial stretch due to BVE is sensed by low-pressure baroreceptors altering their afferent input to the nucleus tractus solitaries. This signal is relayed by the locus ceruleus, dorsal raphé nucleus and several interneurons in the AV3V and causes the secretion of oxytocin and other hormones from the neurohypophysis. Oxytocin in circulating blood in turn induces ANP secretion through oxytocin receptors in atrial cardiac myocytes. However, the molecular mechanism by which low-pressure baroreceptors sense atrial distension has not been identified. 
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In this issue of the Journal, Lee et al report that acid-sensing ion channels (ASICs) 3 in sensory neurons innervating the venoatrial junction area mediate atrial ANP secretion and diuresis in response to BVE. 5 ASICs are voltage-insensitive cation channels activated by extracellular protons and blocked by amiloride, 6,7 and belong to the ENaC/DEG (epithelial amiloride-sensitive Na + channel and degenerin) family of ion channels. An ASIC subunit possesses intracellular N-and C-termini and 2 hydrophobic transmembrane regions separated by a large extracellular domain. Functional ASICs probably assemble as homo-and heterotetramers. The ASIC family in mammals comprises 4 different genes encoding 7 isomers (ASIC1a, 1b, 2a, 2b, 3 and 4) . ASIC channels mainly conduct Na + although homomeric ASIC1a channels are permeable to Ca 2+ . At the physiological membrane potential, protons trigger a transient inward ASIC current that desensitizes rapidly. An inward ASIC current is capable of inducing action potentials in neurons. Almost all ASIC isoforms are present in primary sensory neurons of the trigeminal, vagal and dorsal root ganglia innervating certain somatic and visceral receptors. ASICs have been thought to be involved in the perception of pain in conditions associated with tissue acidosis. In cardiac afferents, ASIC3 has been proposed to be the sensor of myocardial acidity that triggers angina during cardiac ischemia. 8 Several members of the ENaC/DEG family of ion channels have also been proposed to participate in mechanosensation. 6,7 ASIC2a and ASIC3 are expressed in mechanoreceptors such as Meissner corpuscles; however, their contribution to cutaneous sensation is rather moderate. ASIC1, ASIC2, and ASIC3 also contribute to visceral mechanosensation. ASIC2 is expressed in aortic baroreceptor neurons in the nodose ganglion and their nerve terminals, and ASIC2 null mice have an impaired high-pressure baroreceptor reflex. 9 ASIC3 knockout mice have markedly decreased mechanosensitivity in almost all classes of visceral afferents. 10 At present, how mechanical stress activates ASIC channels is unknown.
Lee et al. showed that Asic3 null (Asic3 -/-) mice exhibited impaired diuresis in response to BVE compared with wildtype littermates (Asic3 +/+ ). 5 GdCl3, a non-selective blocker of stretch-activated channels, also reduced diuresis in response to BVE in both Asic3 +/+ and Asic3 -/-mice. Statistical analysis showed no interaction between genotypic and GdCl3 effects, indicating that ASIC3 may mediate GdCl3-insensitive diuresis in response to BVE. The authors found that the nodose ganglion and dorsal root ganglia at C8 and T2 levels had neurons responding to BVE in an ASIC3-dependent manner; however, only the nodose ganglion possessed neurons responding to BVE in an ASIC3-dependent but GdCl3-independent manner. They further showed that an increase in plasma ANP concentration in response to BVE was modified by Asic3 gene disruption and GdCl3 in a manner similar to the response of nodose neurons to BVE. These results indicate that nodose neurons may sense BVE with ASIC3 channels and induce atrial ANP secretion through the central nervous system to cause diuresis.
This study for the first time shows a molecular mechanism by which the nervous system detects BVE in the low-pressure baroreceptor; however, some questions remain unanswered. Although Asic3 gene disruption significantly reduced BVEinduced diuresis, there is a substantial ASIC3-independent fraction of diuresis for which the molecular mechanisms are unknown. This fraction may be mediated by ASIC2 or other stretch-activated channels responsible for the high-pressure baroreflex and/or renal regulation. 9 It is also not necessarily clear how much ASIC3 channels participate in GdCl3-sensitive diuresis in response to BVE. The authors found neurons responding to BVE in an ASIC3-and GdCl3-dependent manner in the 3 ganglia, but the functional significance of these neurons was not analyzed. They also found ASIC3 channels in the soma and neurites of these neurons, but the functional role of ASIC3 in the soma remains to be elucidated.
Nevertheless, this study opens up the possibility that ASIC3 channels may be involved in the dysfunction of the lowpressure baroreceptors that occurs in heart failure. It is well known that the inhibitory input from cardiopulmonary as well as atrial baroreceptors to the sympathetic nervous system is decreased in heart failure and that the resultant increase in sympathetic activity causes fatal ventricular arrhythmias and cardiac remodeling. This study suggests that analysis of ASIC3 channels may elucidate the mechanism underlying such dysfunction and that drugs activating ASIC3 may ameliorate the dysfunction of cardiopulmonary baroreceptors in heart failure.
